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METHOD AND AGENTS FOR DETECTION OF THIOLS 



the invention relates to a method and agent for the 
detection of thiol groups present in a system or formed in 
a step preceding the detection reaction. This formation can 
be effected by chemical reactions^ such as/ for example, 
reduction of disulphtdes, or biochemical reactions. The 
preferred biochemical reactions are illustrated by the fol- 
lowing equation: 



a) 




ONHc 



Liponamide 
dehydrogenase 



^CONH- 



SH SH 



NXDH4H NAD 



b) 



CH3 O 
le^ II 
CH3-N-CH2CH2-S-C-CH3 



Choi inesterase 



CH3-N-CH2CH2-SH 



CH-: 



♦ CH3COOH 



Numerous methods are known for the detection of 
10 compounds containing thiol groups, [a particularly useful 
and frequently quoted method is that described by 6.K. 
Ellman in "Arch. Biochem. Biophys. 1959, 82, 70-77", which 
is based on the vformation of the yellow anion of 3-mercapto- 
6-nitro-ben20ic acid, which is formed by reaction between 
15 a thiol and 3,3*-di thio-bis-6-nitro-ben20ic acid (Ellman's 
reagent) . ^ 

A serious disadvantage of Ellman's reagent is that 
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only yeLLou colour shades are obtained by the reduced disul- v 
phides. However/, colour shades from the red or b lue region 

would be desirable for the visual determination of thiols. 

* — 

Hrecisety these colour shades can be developed by 
5 the method according to the invention. 

The invention is based on the following fundamental 
reaction: 

2 R-SH + 2 Fe^* ' R-S-S-R + 2 Fe^* 

Iron in oxidation level 3 is reduced by thiols to 
10 iron in oxidation level 2, the thiols themselves being oxi- 
dized to disulphides. The Fe^* ion formed is now converted 
by suitable ligands into complexes, the molar extinction of 
which is a multiple of the molar extinction of the Fe^* com- 
plexes. In addition, the Fe^"*" complexes experience a shift 
15 in comparison with the Fe^^ complexes, so that a clear 
change in colour can be recognised. 

The present invention relates to a test agent for 
the detection of thiol groups w hich contains Fe^* ions which 
can -be reduced to Fe^"*" ions by the thiol groups and a com- 
20 plex ligand which is capable of f orming a coloured comple x 

with the Fe^* ions formed. 

— « 2+ 

The detection of Fe ions with the aid of suitable 

complex ligands as coloured complexes is known. Examples 

of suitable ligands for this are compounds from the group 

25 comprising ferrbins, cuproins and terroins. 

Complex ligands such as hydrazones and their tauto- 
meric azoforms, tetrazolylpyridines, pyridylquinazolines, 
bis-isoquinol ines, imines, phenanthroL ines, bipyridines, 
terpyridines, bidiazines, pyridyldiazines, pyridylbenzimid- 

30 azoles, diazyltr iazines, o-ni troanilines, phenols, tetrazines, 
triazines, pyridines, phenazine, quinoxal ines, benzimid- 
azoles, oximes of substituted methyl or phenyl- 2-pyr idyl 
ketones are particularly suitable (Smith, Analyt. Ch m., 26 ^ 
(1954) 1S3A-1538; Schilt et al., Talanta 15 (1968) 475-478; 

35 Schilt et al., Talanta 15 (1968) 1055-1058; and Schilt et 
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al., TaLanta 16 (1969) 448-452. 

A description of other complex Ligands is to be 
found in BLandamer et at. J. Chera. Soc. OaLton (1978) 1001- 
1008, Case, J. Org. Chem., 31 (1966) 2398-2400 and also in 
5 English Patent Application 701,843. However, complex li- 
gands other than those mentioned here can also be used. 

For use of the test agent and therefore also of the 
complex ligands in test strips, it may be advantageous for 
the complex I igands also to c arry hydrophobic radicals or 

10 ion exchanger functions. Bonding of the complex ligands to 
the matrix is thereby improved and "bleeding" of the test 
strip is thus prevented. Hydrophobic radicals which can be 
used are long-chain alkyl or aralkyl raditals. P olyme r 
bonding of the complex ligands is also concei vable. 

15 The test agent according to the invention can be 

used for the detection of thiols such as Liponic acid amide,, 
thiocholine, glutathione or coenzyme A, or of thioglyco- 
sides. The thiol can also be present as a precursor in the 
form of a thioester, thioether, disulphide or thioacetal in 

20 the-^test agent. 

Thus, the test agent according to the invention is 
also suitable, for example, for detection of enzymes which 
cleave thio compounds. There may be mentioned here thio- 
ether hydrolases, t h ioes terases or th iog lycos idases • How- 

25 ever, esterases such as chol inesterase (CHE) can also be 
detected. The natural substrate of CHE is acetyLchoLine. 
However, this enzyme is also capable of cleaving acetyl- 
and buturylthiochol ine. The free thiol group formed by the 
cleavage is then detected with the test agent. 

30 Biochemical reactions in which free thiol groups 

are formed on the basis of redox reactions are furthermore 
known. 

There may be mentioned here the reduction of lipo- 
nic acid catalysed by liponamide dehydrogenase in the pre- 
35 sence of reduced nicotinamide adenine dinucleotide (NADH). 

There is therefore the possibility of also using 
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the test agent according to the invention in the analysis 
of reactions which depend on NADH. Typical representatives 
of NADH-dependent enzymes which may be mentioned are: lac- 
tate dehydrogenase^ alcohol dehydrogenase, glucose dehydro- 
5 genase, glycerolaldehyde dehydrogenase, glycerol phosphate 
dehydrogenase, nalate dehydrogenase and the like. The NADH 
can also be the end product of multi-stage enzymatic reac- 
tions, such as in the case of analysis of glutamate oxal- 
acetate transaminase (EC 2.6.11), glutamate pyruvate trans- 
10 aminase (EC 2.6.12) or creatine kinase (EC 2.7.32). 

NADH can also be the reaction product in the analy- 
sis of substrates such as Lactate, glucose, malate, urea 
and the like. By using the test agent according to the in- 
vention in the analysis of NADH-dependent reactions, a sub- 
15 stantial improvement in sensitivity is achieved, in par- 
ticular because two raol of Fe^* are formed per mol of NADH 
and the coloured complexes in some cases have very high ex- 
tinction coefficients. 

it has proved advantageous to supply the Fe^* com- 
20 pUm bonded to the thiol substrate. Possible co mpLex ing 
agents are EDTA, HEDTA, citric acid, malic acid, lactic 
acid, amino acids, such as, for example, alanine, glycine 
and glutaraine, crown ethers, such as, for example, 18-crown- 
6, phenylaza-15-crown-5, ben20-15-crown-5 and dibenzopy r i- , 
25 dino-15-crown-5, or tr iaz inophanes and kryptates, and oxid- 
ized sugars, such as, for example, gluconic acid and glucu- 
ronic acid. 

The concentration ratio of thiol:Fe^* should be at 
least 1 : 1 and preferably 1 : 5. The ratio of 1 : 20 is 

30 particularly preferred for the fastest possible reaction, 
and the ratio of 1 : 10 is especially favourable. 

Test agent or test system in the context of the pre- 
sent invention are to be understood, for example, as those 
which can be measured in a cell. In addition to the Fe^* 

35 i ns and the complex ligands, the test agents contain all 
the reagents necessary for the parti cul ar analysis 
MS 1476 
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substance, such as enzymes, subs trates, coenzymes, effec- 
tors, antigens, antibodies and the like. These test agents 
can furthermore also contain substances which do not reacts 
such as, for example, buffers, wetting agents and stabil- 
izers* As described above, enzymes which form thiol groups 
with the aid of NADH and NAOPH as the coenzyme are tipon- 
amide dehydrogenase and glutathion reductase. Reagent com- 
binations can be prepared from the enzymes, reagents and 
substances mentioned and are mixed as a solution or as a 
powder or are in the form of tablets or a lyophyl isate . 
The reagent combination (if it is not already in the form 
of a solution) is taken up in water or another suitable sol- 
vent and a reagent solution is prepared. If the reagent 
combination cons ists of individual components, these are 
to be mixed with one another. After the sample (for example 
substrate solution, enzyme solution, blood serum, plasma 
or urine) has been mixed with an aliquot portion of the re- 
agent mixture, the colour. formed is measured on a photo- 
meter and the particular concentration or substrate concen** 
traiion is calculated via the molar extinction coefficient 
and the volumes of reagent or sample added. Both kinetic 
and end point measurements are possible. 

The Fe^* system/l igand can furthermore be impreg- 
nated, together with the reagent or reagents or other en- 
zymes necessary for the particular parameter detection, the 
buffer system, if appropriate wetting agents and activators 
as well as other auxiliaries, onto a bsorbent reagent car - 
ri ers, such as papers, fleeces and the like. For this, one 
or more impregnating solutions can be. prepared in the form 
of aqueous, organic or mixed solutions, depending on how 
the reagents or auxiliaries dissolve. A bsorbent or swell- 
a ble carriers^ preferably filter paper or absorbent fleece \ 
of glass or plastic, are i mpregnated or sprayed with these 
s olutions , The carriers are then dried. The reagent car- 
riers thus prepared can be used either as rapid diagnostics 
for direct determination of the contents of liquid <f r 
fIS 1476 
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example in body fluids, such as blood, urine r saliva, op 
in foodstuffs, for example fruit juices, milk and the 
like). The Liquid is thereby applied directLy to the 
reagent carrier or this is immersed briefly in the liquid. 
5 Semiquantitative determination is possible by allocating a 
comparison colour to the colour thus formed. Quantitative 
evaluation can be carried out by reflectance photometry. 

It is also possible to introduce the test agent 
according to the invention into c arrier matrices prepared 
10 from casting solution s. Examples which may be mentioned 

here are (cellulose, cellulose derivatives, gelatin, gelatin 
I I derivatives or plastics, such as polyure thanes and acryl- 
aroide/^ It is advantageous here if the test agent and if 
appropriate the other necessary reagents are added directly 
15 to the casting solution, which means that it is possible to 
produce the test device, consisting of the carrier and re- 
agents, in one operation. 

By etuting the abovement ioned reagents with water 
or buffer or serum from the absorbent carrier, a reagent 
20 sol'Jtion can be prepared, with which substrates or enzymes 
can be determined in the cell of a photometer as described 
above. 

Suitable buffers for the test agents mentioned are 
phosphate, citrate, borate and GOOD buffers with alkali 
25 metal or ammonium counterions. However, other systems can 
also be used. pH values which are to be aimed for are 6 to 
ID, in particular 6.5 to 7.5. 

Wetting agents are, in particular, anionic and cat- 
ionic wetting agents which undergo ionic interactions with 
30 the compounds according to the invention. However, non- 
ionic wetting agents which activate the enzymes can also be 
used. Sodium laury Isulphate, sodium dioc tylsulphosucc inate 
and alkylaryl polyether alcohols are preferred. 

Effectors which can be used are those known for the 
35 particular enzymatic reaction. 

Other auxiliaries which may be appropriate are the 
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customary thickeners, soLubUizing agents^ eiouLs if lers, p- 
tical brighteners, constrast media and the like, such as 
are known in corresponding tests with other chromogens. 
Example 

Thiol detection with FeCl ^ and complex llgands 

To detect NADH in the test system described^ the 
following reagent constituents were introduced into a cell: 

Concentration in 

• ' ' the test 

1740 \il of 0.1 M/i acetate buffer. 







pH = 5 


87 


mmol/l 


100 pL 


of 


I rponam i de 


2.5 


nffloL/L 


100 Ul 


of 


. FeCl3 solution 


1 


mmoL/L 


60 yi 


of 


dlpyridyt 


3 


DmoL/L 


20 yl 


of 


tiponaflirde dehydrogenase 


12 


kV/l 



After measurement of the reagent blank values, the 
reaction was started by addition of 20 uL of NADH solution. 
The -extinction maximum measured is at 515 nm. Kinetic in- 
vestigations showed a stable end point (change in extinc* 
tion within 20 minutes = 1%) after a reaction time of only 
1 minute. 

To test the f unc t ional capac i ty and linearity, NADH 
concentrations in the range from 1 to 10 mmol/l were meas- 
ured in the test batch. The differences in extinction 
measured at 515 nm are summarized in Table 1. 
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Table 1 



NADH Ee i r 

""515 nm 

(Bunol/l) 



1 




0.124 


2 




0«219 


3 




0.327 


4 


• 


0.429 


5 - 




0^513 


6 




0«633 


7 




0.735 


8 




Q.822 


9 




0.964 


10 




1.098 



The colours obtainable with the various complex 
ligunds and the corresponding extinction maxima are surnmar 
ized in Table 2- 
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Table 2 (continued) 



Formula 



Colour max 



N-OH 



blue 



650 




red 



522 



8 




violet 552 



SO^Na 





violet 560 



10 




0C8Hi7 



Violet 583 
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Table 2 (coatinued) 



Formula Cjolaur ^max (nm) 



GHg CHo yellow 441 

HgN-RsC C=N-NH2 

12 yellow 443 
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Patent Claims 

1. Test agent for the detection of thiol groups which 
contains Fe^* ions uhich can be reduced to Fe^* ions by 
the thiol groups and a complex Ugand which is capable of 
forming a coloured complex with the Fe^^ ions formed, 

2. Test agent according to Claim 1 for the detection 
of thiols from the group comprising Liponic acid amide, 
thiocholine, glutathione and thioglycosides. 

3. Test agent according to Claitns 1 and 2^ containing 
the thiol as a precursor in the form of a thioester, thio- 
ether^ disulphide or thioacetal. 

Test agent according to Claims 1 to 3, wherein the 

2+ • 

complex ligand for the Fe ions originates from the group 
comprising ferroins, cuproins and terroins. 

5. Test agent according to Claims 1 to 4, wherein the 
complex ligand for the Fe^* ions originates from the group 
containing hydrazones, tetrazoLylpyr idines, pyridylquin- 
azolines, bis-isoquinol ines, imines, phenant hrol ines, bi- 
pyridines, terpyr idines, bidiazines, pyr idyldiazines, pyr- 
idy':benzimidazoles, diazyltr lazines, o-ni troanil ines, phe- 
nols, tetrazines, quinoxal ines, benz imidazoles, oxiroes of 
substituted methyl or phenyl-2-pyr idyl ketones. 

6. Test agent according to Claims 1 to 5, wherein the 
complex ligand additionally contains a hydrophobic radical. 

7. Use of the test agent according to Claims 1 to 6 
for the detection of enzymes which cleave thio compounds. 

8- Use according to Claim 7, wherein the enzymes are 
esterases^ t h ioglycos idases or th ioesterases . 

9- Use of the test agent according to Claims 1 to 6 
for the detection of reduced liponic acid amide. 

10. Use of the test agent according to Claims 1 to 6 
for the detection of reduced pyridine nucleotides with the 
aid of liponamides and liponamide dehydrogenase* 

11. Method of detecting enzymes, wherein free thiol 
groups are formed directly or indirectly by the enzymatic 
reaction and these are detected with the aid of the test 
MS 1476 
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agent according to CI a ins 1 to 6. 

12. Hethod of detecting substrates^ wherein free thiol 
groups are formed directly or indirectly by the reaction 
of the substrates and these are detected with the aid of 
the test agent according to Claims 1 to 6. 

13.. A test aigent according to claim 1, as identified 
in the Example. 

14. A method according to claim 12 < substantially as 
described in the Example. 
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